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Hybrid ma Cell Lines And Monoclonal Antibodies To Angi tensin II 



Field of the invention 

This invention relates to hybrid cell lines {lymphocyte hybridomas) for the production of monoclonal 
5 antibodies to angiotensin II, to the homogenous monospecific antibodies, and their use in the diagnosis and 
treatment of angiotensln-induced hypertension. 



Background of the Invention 

70 

The renin-angiotensin system (RAS) is a major regulator of cardiovascular homeostasis. See. for 
example. Hypertension and the Angiotensin System-Therapeutic Approaches, A E. Doyle and A G. Beam, 
ed.. Raven Press, 1983. and references contained therein. In the RAS. angiotensin I (AI) is formed from 
angiotensinogen by the enzyme renin. AI. a decapeptide. is cleaved by converting enzyme to angiotensin II 

75 (All), the effector molecule, which is an octapeptide. At least two compartments of All. one locaTized in the 
plasma and the other locaDzed in the vascular tissue, contribute towards the blood pressure elevation in 
various hypertenswe sta^. An understarKling of their relative contributions in these different states remains 
an important problem in the diagrK>sis and treatment of hypertension. 

EKperimental and clinical studies of the RAS have been greatly aided by the development of 

20 phannacologic inhibitors which interfere at various points in the system. i=br example, suppression of 
converting enzyme activity by inhibitors such as captopril and enalapril now represents an important 
approach to anti-hypertensive therapy. However this enzyme is capable of hydrolyzing many peptide 
substrates in addition to All. including bradykinin, substance P. enkephalins and neurotensin; V. J. Dzau, J. 
Cardiovascular Phannacol .. 7. S53 (1985). Therefore inhibitors of the enzyme are unlikely to be physiologi- 
es cally specific with respect to" the RAS. A lack of physiological specificity may also apply to inhibitors of the 
enzyme renin, a protease whose substrate specificity has recently been recognized to comprise more than 
just angiotensinogen: T. Inagami, K. OhtusW. T. Inagami, J. Biol. Chem. . 258 , 7476 (1983). Since All is the 
primary bMologically active component of the RAS. an antagonist to this hormone shouW represent a 
physiologically specific inhibitor of the RAS. Cunrent peptide antagonists of All. such as saralasin ([Sar^ 

30 Al^ All) are limited in their use as RAS inhibitors by their inherent partial agonist properties. 

No drugs which are currwrtfy used to block the RAS have the capacity to selectively neutralize plasma 
All. Such a selective agent would be particularty suitable for the treatment of disorders such as renovascular 
hypertension and congestive heart failure. In patients with these cfisonJers, it Is desirable to neutralize the 
high levels of All in the plasma without neutralizing the All in the tissues, particulariy In the kidney. This is 

35 t)ecause intrarenal All is important in maintaining renal hemodynamics. Inhibition of the intrarenal All. as 
occurs during protonged treatment with drugs cunently used to inhibit the RAS. (such as the converting 
enzyme inhibitor, captopril) may lead to impaired kidney function; Silas, et al.. Br. Med. J.. 1702, 
(1983). A recent clinical study concluded that while converting-enzyme inhibition with drugs such as 
captopril and enalapril produces benefits in patients witti congestive heart failure, this ttierapeutic approach 

40 is associated witii a significant risk of hypotension, whose magnitude and duration detenmine whether 
serious end-organ (cerebral and renal) deficits will occun Packer et al., N. Engl. J. Med. . 315. 847. (1986). 

Antisera directed against All have been evaluated in tfie past for tiieir effects in blocking the RAS in 
various rwjnnotensWe and hypertensive experimental modeis. However, to dale ttie data derived from 
immunological btockade of All in vivo has been equivocal. Worcel et al.. Suppl. Giro. Res., 223. (1970). 

45 Bing and Poulsen, Acte Patti. Microbiol. Scand.. 7B, 6 (1970). and Bmnner et al., J. Clin. Invest , 51[, 58 
(1972) have described a blood pressure reduction in renal hypertensive rats characterized by elevated 
levels of plasma All following intravenous administration of rabbit serum containing polyclonal antibodies to ♦ 
AIL However in most of ttiese animals, the decreases were very short-lived. i=or example, Bmnner et al.. 
state that the blood pressure invariably returned to base line levels in 5 to 15 minutes. Only 1 rat in Bing 

50 and Poulsens's study reacted to an injection witii a lasting (greater tfian 40 minutes) depression. » 
Furttiennore, studies by Hedwall, Br. J. Pharmacol. , 34 623 (1986). revealed ttiat tiie bkxxl pressure of renal 
hypertensive rats was uninfluenced by intravenous injection of rabbit All antisemm. In another study. Walker 
t al.. Proc. Rfth International Congress of N phr logy. 1115 (1972). demonstrated an inability of circulating 
All antibodies in rabbits, generated by active immunization with the hormone, to reduce blood pressure. 
The inconsistencies of tfiese studies are most likely due to the presence of components in the antisera 
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capabi of affecting blood pressure ind pend nt f the RAS. and to the pres rice of populatioris of 
antibodies which bind to All but which do not prevent it from binding to its cellular receptor and triggering 
its physi logical ffects. Furthermore, these inconsistent results r fleet our inability to predict whether a 
particular antibody or antibodies t All will reduce the blood pressure in experimental animals by specific 

5 blockade of the RAS, and therefore, whether they have potential therapeutic utility as anti-hypertensive 
agents. Haber et al.. Am. J. Physiol. , 7. H404 (1984), summarized the stale of the art by concluding the data 
derived from immunological blockade of All has been equivocal. 

The diagnostic utility of polyclonal antibodies to All for measuring hormone levels from the plasma of 
hypertensive patients is also limited. This is because All antisera neariy always are directed to the carix)xy 

70 terminus of All and therefore strongly cross-react with the heptapeptide and hexapeptide metabolites of All: 
(des-Asp)-AII (Alll) and (des-Asp. Arg)-AII. respectively: Nussberger et al., J. Immunol. Methods . ^ 85 
(1983). Because these products have important activity differences compared to All. selective measurement 
of All is of considerable significance. 

Kohler and Milstein. Nature , 256 , 495 (1975). were the first to describe methods of making monoclonal 

75 antibodies by fusing spleen cells from an immunized mouse to a drug-resistant plasmacytoma cell line and 
isolating the hybrid clones by growth on selective medium. Monoclonal antibodies can overcome many of 
the problems associated with the use of polyclonal antisera, namely purity, specificity, homogeneity and 
availability. 

Although the general technique of producing hybridomas is well known, there are still considerable 
20 difficulties involved in producing and selecting a hybridoma cell line which secretes antibody having a given 
set of desired properties. 

Nussberger et al., Hytyidoma, 3. 373 (1984) described the production of a monoclonal antibody to All 
where the antigen used was All coupled to thyrogk>bulin. However, this antibody was very similar in 
properties to polyck)nal sera directed to All in that it failed to significantiy differentiate between All and the 

25 smaller peptide fragments Alll and (des-Asp, Arg)-All. It is doubtful whether this antibody wttii its low affinity 
for All (ka = 0.3 ^ 10^ ' ) would lower blood pressure in experimental animals by blocking ttw RAS. 
There is no teaching or suggestion of utilizing tfiis antibody as an All antagonist in physk)logical studies. 

There remains a need for a specific high affinity antagonist of All which can neutralize its biological 
actions and thereby be utilized tfierapeutically as a specific inhibitor of the RAS. Furthemnore. a specific 

30 antagonist of the RAS which can selectively inhibit plasma All would be a highly desirable agent for 
treatment of renovascular hypertenston and congestive heart failure. Finally there is a need for a reagent 
which can be utilized to meagre levels of All free from significant cross-reactivity with its metafcx)lites. 



35 Disclosure of the invention 

The instam invention provides a new dass of All amagonists that neutralizes the action of this hormone 
and is tiierefore useful in alleviating angiotensin IHnduced hypertension. These antagonists constitute two 
high affinity murine monock)naI antit>odies to All, each secreted by a hyt>rid of a spleen cell from a mouse 

40 immunized wttii All coupled to keyhole limpet hemocyanin (KLH) and a mouse myebma cell. The 
antibodies of this invention bind to All and inhibit its tNObgtcal actions by interfering with its ability to 
interact with its phystok)gical receptor. By administering a compound of this invention to a species of 
mammal wttii hypertension due to All, ttie bkxxJ pressure is reduced. Administration of ttie antibodies will 
bb particularly suitable wfiere rt is desirable to selectively neutralize plasma All. such as in tiie treatment of 

45 rertovascular hypertension and congestive heart failure. This is t)ecause the antitx>dies of this Invention are 
too large to move out of the circulatory system into the vascular and ottier tissues and neutralize the All 
within. 

The antibodies of this invention can t>e administered by any means tiiat effects contact of the active 
antibody with plasma tocalized All. For example, administration can tDe subcutaneous or intravenous. 
50 One of these murine antibodies, KAA8 (ATCC Designation. HB 9253). exhibits limited cross-reactivity 
with Alll when evaluated in a radioimmunoassay for All. The use of this antibody in an immunoassay for All 
as an aid in the diagnosis of renin<tependent hypertension is also contemplated. 
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Brief Description of the Drawings 

RGS. 1 , 2 and 3 display the blood pressure responses of renal hypertensiv rats to murine monoclonal 
All antibodies ICH2 and KAA8, and to a rabbit polyclonal All antibody, respectively. RG. 4 displays the 
5 blood pressure responses of renal hypertensive rats to successiv doses of the morxwilonal All antibody 
ICH2 and to the converting enzyme inhibitor drug captopni. In all figures, the points above and tielow the 
circled points represent the S.EM, (standard enror of the mean) in each study. 



70 Detailed Description of the Invention ^ 

Monoclonal antibodies are produced by fusing spleen cells from a mouse Immunized with the antigen 
or hapten of interest, in this case All. to a mouse myeloma cell line. To render a small molecule (uQ-, 
approximately 1000 daltons or less) immunogenic, it is necessary to first conjugate it to a high molecular 
75 weight carrier. Such caniers include proteins, polysaccharides, and various latex particles. For the purpose 
of the present invention. All is coupled through both its 1-and 8-positions to keyhole limpet hemocyanin 
(KLH) using carbodiimide as a coupling agent An [lle^] All available from Peninsula lahs (Belmont CA) was 
used. 

Typically, an animal is immunized with the antigen of interest emulsified in an adjuvant and tx>osted at 
20 regular intervals. The serum is assayed for the presence of the desired antitxxjy by any convenient method, 
frequentiy an enzymeHinked immunosorbent assay (EUSA) or a radioimmunoassay (FUA). When an 
acceptable titer of antibody is detectable in the serum, the animal is sacrificed and the spleen is removed 
aseptically for fusion. 

Several different murine (mouse) myeloma cell lines deficient in hypoxanthine guanine phosphoribosyl 

25 transferase (HGPRT) are known to be suitable as fusion partners. The features of some of these cell lines 
are described in Current Topics in Microtwology and Immunotogy , 81^, F. Melchers. M. Potter, arwl N. 
Warner, ed., Springer-Verlag. 197a 

Fusion is carried out most commonly by using polyethylene glycol as a fusion promoter. After fusion, 
the cells are diluted and cultured in a selective medium containing hypoxantiiine, aminopterin and thymidine 

30 (HAT). Cells may be supplemented with insulin to enhance the formation and growtti of hybridomas. When 
suffrcient cell growth has occurred, the culture supernatant is sampled and tested by any convenient 
means, frequently EUSA or RIA. Those cultures which contain antitxxly of interest are then cloned by 
limiting dilution, re-tested and expanded. 

Large volumes of antibody can then be obtained by growing the hybridoma in vitro and harvesting the 

35 culture supernatant Antibodies may also be harvested from the ascites fluid of syngeneic mice which have 
been injected tntraperitoneally witii the hyt>ridoma cells. 

The antibody is purified using techniques well-known in the art Chromatography on staphylococcal 
protein A is one such method. The monodonat antibody tiius generated can be characterized by its 
immunogtobulin dass and subclass. 

40 The present invention comprises two ntonoclonal anitbodies to All, ICH2 and KAAa The \0\i2 and 
KAA8 hytHldoma cell Wnos were derived from immunization of Ba&3/c mice with All-KLH. Both antibodies 
bind All with high affinity. The affinity constants, Ka. for the two monoctonal antit>odies are as foltows: ICH2 
- 6.6^10^ ^ ; and KAA8 - 1.1^10^ ^ . Affinity, constants were caknjlated from Scatchard analysis of the All 
inhibition curve obtained in the radk>immunoassay (RIA) described in Example I, Part D. See, Scatchard, G., 

45 Ann. NX Acad. Sd. 51, 660 (1949). 

The ICH2 and KAA8 cell lines were deposited in the Anterican Type Culture Collection (ATCC), 
Rockville. MD, in accordance with MPEP 608*01 (p) on October 30. 1986. ATCC accession numb^ for tiie 
ICH2 and KAA8 cell lines are HB 9252 and HB 9253. respectively. 

Levels of circulating All in normal human subjects vary from 10 to 100 pg/ml; Boyd. G. W. and Peart 

50 W. S., in Angiotensin , I. H. Page and F. M. Bumpus, eds.. Springer Vertag, N.Y.. 211-26 (1974). This %■ 
corresponds to a range of molar concentrations of All between 1 ^10 ^* M to 1 ^10 ^ M. Such exceedingly 
low levels of All cannot be accurately determined by immunoassay unless a very high affinity antibody for 
All is utilized, in certain hypertensive states, levels of circulating All may increase 10 to 100 fold. Even such t 
levels, however, require high affinity antibodies for accurate measurement A monoclonal antit»ody to All 

55 witti an affinity constant of at least 1 ^10"M ^ would be expected to be useful in an immunoassay for All. A 
monoclonal antibody to All witii an affinity constant of at least 1^10%! ^ would be pretenred. Monoclonal 
antibodies from the KAA8 cell line (ATCC No. HB 9253) display less tiian 35% cross-reactivity vwtfi AIII, a 
major interfered in immunoassays for All. as well as tugh affinity (Ka = 1.1 ^10^ ^ ) for All. Various clinical 
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immunoassay procedures are described in immunoassays for the 80's , A. Volter, A. Bartlett and D. Bidwell. 
ed.. University Park. 1981. 

The anti-hypertensive effects of the antibodies of this invention are demonstrated by administering the 
compounds to rats made hypertensive by ligation of the left renal artery; Cagniano et a!.. J. Pharmacol. Exp. 

5 Ther.. 208 , 310 (1979). This procedure increases blood pressure by increasing renin production with 
consequefit elevation of All levels. Antibodies are administered intravenously via a cannula in ttie jugular 
vein. Arterial blood pressure is continuously measured directly through a carotid artery cannula and 
recorded using a pressure transducer and polygraph. Blood pressure levels after treatment are .compared to 
preti^atment levels to determine the anti-hypertensive effects of the antibodies. 

w High affinity monoclonal antit>ody from the KAA8 cell line was effective in redudng blood pressure in 
animal models at dosages as low as 1.5 mg/kg. Maximum anti-hypertensive effects were observed with 
antitxxiy doses of 15 mg/kg. In vivo anti-hypertensive activity in animal models was also demonstrated with 
high affinity monoclonal antibody from the ICH2 cell line at dosages of 15 mg/kg. As demonstrated in 
Example 4. Figure 3. with polyclonal antibodies, high affinity for All alone does not correlate predictably with 

75 anti-hypertensive activity. Although a high affinity for All is believed to be necessary for useful therapeutic 
activity, it is not sufticient. This is believed to be because ttie binding of antitx)dy to All may not prevent the 
All from interacting with its receptor site* 

Monoctonal antibodies may be administered by any means that enables the active agent to reach the 
agent* s site of action In the body of a mammal. In the case of the antibodies of this invention, the primary 

20 focus is the atHlity to reach and bind with circulating angiotensin II. Because proteins are subject to being 
digested when administered orally, parenteral administration. e.g.. intravenous, subcutaneous, or in- 
tramuscular, would ordinarily be used to optimize absorption. 

Monoctonal antibodies may be administered either as individual therapeutic agents or in confibustion 
with other therapeutic agents. They can be administered alone, but are generally administered with a 

25 pharmaceutical carrier selected on the basis of the chosen route of administration arxi standard pharmaceu- 
tical practice. 

The dosage administered will, of course, vary depending upon known factors such as the pharmaco- 
dynamic characteristics of the particular agent, and its mode and route of administration: age. health, and 
weight of the recipient; nature and extent of symptoms, kind of concunrent treatment, frequency of 
30 treatment and the effect desired. Usually a daily dosage of active Ingredient can be about 0.1 to 100 
milligrams per kilogram of body weight. Ordinarily 0.5 to 50. and preferably 1 to 10 milligrams per kilogram 
per day given in divided doses 1 to 6 times a day or in sustained release form is effective to obtain desired 
results. 

Dosage forms (compositions) suitable for intennal administration generally contain from about 1 
35 milligram to about 500 milligrams of active ingredient per unit. In ttiese pharmaceutical compositions the 
active tngrecfient will ordinarily t>e present in an amount of about 0.5-95% by weight t>ased on the total 
weight of tiie composition. 

For parenteral administration, the antibody can be formulated as a solution, suspension, emulsion or 
lyophilized powder in associated with a phanmaceutically acceptable parenteral vehicle. Examples of such 
40 vehicles are water, saline. Ringer's solution, dextrose solution, and 5% human serum albumin. Liposomes 
and nonaqueous vehicles such as fixed oils may also be used. The vehicle or lyophilized powder may 
contain additives tiiat maintain isotonicity (e.g., sodium chloride, mannrtol) and chemical stability (e.g., 
buffers and preservatives). The formulation is sterilized by commonly used techniques. 

Suitable pharmaceutical carriers are descrit)ed in Remington's Phamiaceutical Sciences . A. Osol, a 
45 standard reference text in this field. 

Useful pharmaceutical dosage forms for administration of the compounds of this invention can be 
illustrated as folbws: 



50 Injectable 

A parenteral composition suitable for administration by injection is prepared by dissolving 1.5% by 
weight of active ingredient in 0.9% sodium chloride solution. 

Hybrid continuous cell lines which produce high affinity monoclonal antibody capable of exerting 
55 tiierapeutic anti-All activity in mammals having Allnnduced hypertension may be selected as d imonstrated 
In the following xamples. 
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Example 1 

Production of Monoclonal Anti-Angiotensin II Cell Lines 

5 PART A: Preparation f AII-KLH 

5 mg of [lleS] All (Peninsula Labs. Belmont. CA), 4 mg of KLH and 60 mg of 1-ethyI-3-(3- 
dimethylaminopropyl)carbodiimide (EDAC) were mixed in 1 ml of deionized water and incubated for 24 
hours at 25"C. Unreacted All and EDAC were then removed by dialysis. 



PART B: Immunization 

Adult female Balb/c mice were primed intraperitoneally with 25 ug of the conjugated hormone 
15 emulsified in aluminum potassium sulfate (alum). Two or three booster injections were given at 21 -day 
intervals. Fusions were performed three days after the last boost 



PART C: Fusion 

20 

The spleen was removed aseptically and a single cell suspension prepared. The cells were then fused 
with P3-X63-Ag8.653 myeloma cells at a ratio of 2:1 using 1 ml of polyethylene glycol 1500. The fused cells 
were washed in serum-free medium, suspended in medium containing HAT and 10 units^ml of insulin, and 
plated into 96-well microliter plates. Cultures were fed 1 week later with HT medium. When hybrids were 
25 detected (approximately 2 weeks after fusion), the supematants were collected for screening. 



PART D: Screening 

30 Culture supematants were screened for anti-All antibody by an BJSA. 96-well plates were coated with 5 
ug of All in phosphate buffered saline solutfon (PBS) for 12 hours at 4*C. Wells were washed with PBS. 
fined with a 2% solution of bovine serum albumin in PBS. and stored at 4*»C until used. 100 iiL of 
hybridoma supernatant was added to each well and incubated for 2 hours at 25"C. Wells were washed 3 
times with PBS and incubated for 2 hours with 50 uL of sheep antHnouse ^-galacto^dase linked F{ab% 

35 After the incubation period and 3 washes with PBS. 50 uL of ortho-Nitrophenyl-^-D-gaiactoskle (1 WQfm\ in 
PBS containing 100 nM 2-m8rcaptoethanol) was added to each well. After color devefopment the 
absorisance was determined on a microelisa reader at AOS nM. 

Those hybridomas displaying substantial activity in the EUSA (greater than three times the value 
observed with supernatant from P3 myeloma cells) were tested in a liquid phase RIA to select out cell lines 

40 producing high affinity monoclonal antibodies. Hybridoma supematants were incubated with 10 pg of V^] 
-All (20,000 cpm) in 900 uL of 0.01 M potassium phosphate buffer, pH 7.4, containing 0.2% BSA and 0.2% 
neomydn sulfate for 18 hours at 4"C. The separation of bound and free hormone was obtained by adding 1 
ml of 0.3% dextran-coated charcoal, and centrifuging the sample at 2500'^g for 15 minutes at 4"C. The 
supernatant fraction was collected and counted in gamma counter. 

45 From one fu^on utilizing spleen cells from a mouse which had been immunized three times with All- 
KLH. 42 positive wells were detected by EUSA. Only two of these wells tested positive in the RIA; these 
were designated tCAlO and ICH2. A third po^ve hybridoma was isolated from a fusk)n utilizing spleen 
cells from a mouse that had been immunized four times with All-KLH; this was designated KAA8. 

50 * 

PART & Cloning By Limiting Dilution 

The hybrid cell lines of interest (ICA10, ICH2, and KAA8) were cloned at limiting dilution using strict « 
Poisson statistics. In tiiis case, approximately one-third of the wells should show growth and the probability 
55 is very high tiiat cells growing In a given well were the progeny of a single hybridoma cell. When sufficient 
numt>ers of cells w re present in the wells, the supematants were again tested for the presence f 
monoclonal antit»ody. All three lines continued to produce the desired antibody. 
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PART F: Chain Composition 

All m noclonal antibodies derived from cell lines ICA10. ICH2 and KAA8 consisted of gamma heavy 
chains (sutx:lass 1) and kappa light chains, as determined by a typing EUSA. 



Example 2 

Production and Purification of Monoctonal Antit)odies 

10 

In order to produce large amounts of the monoclonal antibodies, the hybrids were cultured in multiple 
tissue culture flasks. At confluency, the culture supematant was collected from these flasks. 

Antibody was purified by passage of the antibody-containing supematant through a Protein*A 
Sepharose column, and elution of the antibody with 0.05M citrate buffer containing 0.1 5M sodium chloride, 
75 pH 5.5. The collected antibody was dialysed against PBS. 



Example 3 

^ OrossHfeactivity of AH Antibodies With Alll 

In order to measure All accurately in an immunoassay, the anti-All antibody must exhibit limited cross- 
reactivity with the heptapeptide metatx^lite Alll. 

Table 1 compares the cross-reactivities to Alll of monoclonal All antibody from tCAlO, ICH2 and KAA8. 
25 as well as a rabbit All antiserum. The rabbit antiserum was raised to All coupled to rabbit serum albumin 
and is typical of All antisera preparations. The data was obtained using the All RIA descn'bed atX3ve. 
Reactivity of tiie antibodies with All is listed at 100%. 

Monoclonal antibody ICH2 and particulariy monoclonal antitxxly KAA8 are superior to the polyclonal 
rabbit antitxxJies. and to the 1CA10 monoclonai antibody, in that they display sut>stantially less cross- 
30 reactivity with Alll. 



Table 1 

35 

CtosB-Reactivity 
Compound ICAIO ICH2 KAAS Rabbit Serum 
All 100 100 100 100 

^ AIII 100 77 32 99 



Example 4 

Evaluation of the Anti-Hypertensive Bfects of Morwx:lonal Antitxxfies to All in the Experimental Animals 

Rgures 1 and 2 show the results of experiments with renal hypertensive rats dosed intravenously with 
either 5 mg (about 15 mg/kg) of antibody ICH2 (Rgure 1) or 5 mg (about 15 mg/kg) of antibody KAA8 
(Rgure 2). For both antibodies, a similar pattern was observed: a rapid and prolonged decrease in the bkx)d 
pressure induced by tiie antibody, and an inhibition of the pressor effects of exogenous All two hours after 
antitxMjy administration. 

The in vivo effects of ttiese All monoclonal antibodies were unexpected and unpredictable in view of the 
inconsistent results of past in wvo studies witii polyctonal antibodies to All. For example, as shown in Rgure 
3. a high affinity (Ka = 10^°M ^ ), rabbit polyclonal All serum was Ineffective in reducing the blood pressure 
in renal hypertensive rats, and in inhibiting tfie pressor ffect of exogenous All two hours after antibody 
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administration. The rats were given an initial 0.4 mg dose (about 1.2 mg/I<g), foil wed by a furth r infusion 
of 2.4 mg over 60 minutes (about 0.12 mg/kg/min.). Because of the high affinity of the polyclonal All serum, 
this dose is conadered comparable to 5 mg f the monoclonal antibodies. Furthermore, a 1.5 mg dose of 
antibody from th KAA8 line was effective in lowering blood pressure. 

Figure 4 shows the results of an experiment in which an additional hypertensive ffect is induced by the 
converting enzyme InhibitDr, captopril. in renal hypertensiv rats previ usiy dosed with a concentration of 
ICH2 antibody (5 mg) sufficient to neutralize circulating All and reduce the blood pressure. These results 
suggest that the drug captopril. witii its small molecular size, can inhibit fomnation of All at a site not 
accessible to the larger antibody molecule. Apparentiy. this site is in the vasculature. Therefore, the 
monoclonal antibodies, unlike captopril and other dmgs which Inhibit the RAS. are selective inhibitors of 
plasma-locaiized All. Such an agent would be a particularly attractive therapeutic for the treatment of 
conditions such as renovascular hypertenaon and congestive heart failure, where it is desirable to 
selectively neutralize plasma All. 



Example 5 

Treatment of AIMnduced Hypertension With Monoclonal Antibodies to All 

High affinity monoclonal antibodies to All may be used to reduce bkwJ pressure in a mammal with 
hypertension due to elevated levels of AIL Adminisration of such antibodies will be particularly suitable 
where it is desirable to selectively neutralize plasma All. such as in the tre^ent for the conditions of 
renovascular hypertension and congestive heart failure. 

The antibodies of this invention can be administered by any means that effects contact of the active 
antibody witii plasma localized AIL For example, administration can be subcutaneous or intravenous. In our 
animal models, doses of KAA8 monoclonal antibody as low as 1.5 mg/kg were effective in reducing bk)od 
pressure. Maximum anti-hypertensive effects were observed with KAA8 antibody doses of 15 mgflcg. 

As a means of redudng the potential problem of immunogenidty when treating patients with munne 
antibodies, ttie use of smaller fragments prepared from these antibodies, human-mouse chimeric antibodies 
and human antibodies, all possessing affinity and specificity for All similar to these antibodies is con- 
templated. 



Example 6 

Diagnosis of High Plasma Renln-Dependent Hypertension Uang Monoclonal Antibodies to All 

Based on their sefectivily for plasma tocalized All, the monoclonal antibodies of this invention may be 
used in the diagnosis of plasma renin ctependent hypertenaon. This would comprises treating a hyperten- 
sive mammal ¥«tti a monoclonal antibody of this inv^ition, and observing the degree and duration of its 
effect on the bkx»d pressure. Decreases woukJ be observed only in those individuals whose elevated Wood 
pressure is caused by plasma All as the antibodies of ftis invention selectively neutralize this component 
fblk>wing tiieir administration. 



Example 7 

Measurement of tiie All Concentration in Plasma Using Monoclonal Antibodies to Ajl 

The antibodies of tiiis invention may be used to measure the All levels in plasma samples from 
individuals. Such infonnation is of value in diagnosing and in prescribing treatment for a riumber of 
pathophysiological disorders indudii^ renovascular hypertension and congestive heart failure. This process 
would comprise isolating plasma samples from patients and measuring the All content of such a sample 
using a monoclonal antibody of tiiis Invention, or a monoctonal antibody fragment, in an immunoassay. 
Immunoassay procedures are well known in the art; for example an EUSA or an RIA may be employed- 
Monoclonal antibody KAA8. with its high affinity for All (ka = l.l'^IOPM M and its relatively tow cross- 
reactivity for Alll (32%). would be particularty suited to measure All witfi fimited interference from AIII. 
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Claims 

I. A murine monoclonal antibody to angiotensin II which has an affinity constant Ka, with respect to 
angiotensin II of at least 1 ^10^ ^ . 

5 2. A murine monoclonal antibody of Claim 1 which has an affinity constant of at least 1 ^10^ ' . 

3. A murine monoclonal antibody of Claim 1 which inhibits angiotensin II activity. 

4. A murine monoclonal antibody of Claim 2 which inhibits angiotensin II activity. 

5. A murine monoclonal antibody of Claim 1 which exhibits a cross-reactivity to angiotensin III of less 
than 35%. 

10 6. A murine monoclonal antibody of Claim 2 which exhibits a cross-reactivity to angiotensin III of less 
than 35%. 

7. A murine monoclonal antibody as in one of Ct^ms 1*6 produced by a hybrid continuous cell line 
which is a fusion product of a spleen cell from a mouse immunized with an angiotensin ll-KLH conjugate, 
and a murine myeloma cell. 

75 a A murine morK)clonal antitxxly as in one of Claims 1-6 produced by a hybrid continuous cell line 
which is a fusion product of a spleen cell from a mouse immunized with an [lle^] angiotensin ll-KLH 
conjugate, and a murine myeloma cell. 

9. A composition comprising a hybrid coritinuous cell line which secretes a monoclonal antibody as in 
one of Claims 1-6. 

20 10. A composition comprising a hybrid continuous cell line which is a fusion product of a spleen cell 
from a mouse immunized with an angiotensin ll-KLH conjugate, and a murine myeloma cell, which secretes 
a monoclonal antitjody as in one of Claims 1-6. 

II. A composition comprising a hybrid continuous cell line which is a fusion product of a spleen cell 
from a mouse immunized with an [ll€^] angiotensin ll-KLH conjugate, and a murine myeloma cell, which 

2S secretes a monoclonal antibody as in one of Claims 1-6. 

12. A composition comprising a hybrid continuous cell Kne designated by ATCC accession numt^ers HB 
9252 or HB 9253. 

13. A monoclonal antit>ody secreted by a hybrid continuous cell line of Claim 12. 

14. A method of blocking angiotensin It activity in a warm blooded animal having high levels of 
30 angiotensin II in its plasma, comprising administering to the animal a therapeutically effective amount of a 

monockmal antit»ody of Claims 3, 4, or 13. 

15. A method of lowering blood pressure in a warm blooded animal having hypertension mediated by 
plasma angiotensin II. comprising administering to the animal a therapeutically effective amount of a 
monoclonal antibody of Claims 3, 4 or 13. 

35 16. A metiiod of diagnosing plasma angiotensin It-mediated hypertension in a warm blooded animal 
comprising administering to the animal an effective amount of a monoctonai antibody of Claims 3, 4, or 13 
and monitoring its effect on blood pressure. 

17. A monodonsd antit>ody as In one of Claims 1-6 labeled with an enzyme or a radioactive atom. 

18. The monoclonal antibody secreted by the hybrid continuous cell line designated by ATCC 
40 accession number HB 9253. labeled with an enzyme or a radioactive atom. 

19. An immunoassay for angiotensin II using a labeled monoclonal antibody of Claim 18. 

20. An immunoassay for angiotensin It usir^ a monoclonal antibody of one of Claims 1-6 labeled with 
an enzyme or a radioactive atom. 
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